N osocomial infections are an important cause of death and excess length of stay in individuals hospitalized in the intensive care unit (ICU) (1). Ventilator-acquired pneumonia is common in this setting, occurring at an estimated incidence of 15 cases per 1000 ventilator-days (2). Notwithstanding the adoption of care guidelines that advocate best practices, such as the use of sterile water for enteral feeds, elevation of the head of the bed and optimal removal of ventilator circuit condensates, ventilator-acquired pneumonia is a frustratingly common occurrence (3). The reasons for this high burden of infectious disease in the intensive care unit extend beyond the obvious mechanical disruption of host defenses by invasive tubes and lines, and likely include the decline in immune function associated with critical illness.
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A recent large, multicentred, randomized trial (4) demonstrated that the use of selective oropharyngeal decontamination (SOD) and selective digestive tract decontamination (SDD) is associated with improved mortality in critically ill adults. This study, reported by de Smet et al (4) , was conducted in 13 ICUs in the Netherlands, using a 'cluster-randomized' crossover design. In other words, ICUs, rather than individual patients, were randomized to give all patients admitted over six-month periods either SDD (n=2045), SOD (n=1904) or standard care (n=1990). Furthermore, the trial included a 'crossover' component, in which the intervention (SOD, SDD or standard care) was varied over time. This allowed the investigators to compare the effect of each intervention across ICUs, and to evaluate the effects of changing interventions within ICUs over time, which in turn helped control for differences in the 'ecology' of ICUs (eg, different levels of expertise vis-à-vis infection control, different case mix and different baseline rates of infection with drug-resistant pathogens).
Study subjects were patients with expected duration of mechanical ventilation of at least 48 h and/or ICU stay of more than three days. Overall, 89.2% of eligible patients were enrolled, with a slightly higher rate of inclusion of patients with standard therapy. Patients allocated to SOD had topical oropharyngeal tobramycin, colistin and amphotericin B applied throughout their ICU stay. The SDD regimen included the SOD regimen plus the addition of intravenous cefotaxime for the initial four days. The primary outcome measure of 28-day mortality was not statistically different among treatments, with rates of 27.5%, 26.6% and 26.9% observed with standard care, SOD and SDD, respectively. However, patients treated with SDD and SOD had greater severity of illness, as measured by baseline Acute Physiology and Chronic Health Evaluation II scores, and were more likely to be medical patients and to receive mechanical ventilation than patients treated with standard therapy. After controlling for these and a number of other potentially confounding variables using logistic regression analysis, the use of SDD and SOD was associated with statistically significant reductions in the odds of death (SOD OR 0.86, 95% CI 0.74 to 0.99; SDD OR 0.83, 95% CI 0.72 to 0.97). In other terms, SOD and SDD use was associated with absolute risk reductions of 2.9% and 3.5%, corresponding to 34 and 29 patients treated to prevent one death, respectively.
This study is important because it concurrently compared SOD and SDD, and added further evidence to the growing body of published literature (5,6) supporting mortality benefits with decontamination therapies. In 2004, Liberati et al (7), on behalf of the Cochrane collaboration, conducted a meta-analysis of clinical trials comparing prophylactic antibiotic regimens in adults admitted to the ICU. They reviewed 17 trials (4075 patients) evaluating topical plus systemic prophylaxis (SDD) compared with no prophylaxis, and found significant overall reductions in mortality (OR 0.75; 95% CI 0.65 to 0.87) corresponding to a number needed-to-treat of 21 patients to prevent one death. Although SOD reduced the risk for infection in 13 included trials (1597 patients), it alone did not significantly reduce mortality (OR 0.96; 95% CI 0.78 to 1.20) compared with no decontamination or placebo. Since then, there have been other published trials that further support the benefits of decontamination therapy (8) (9) (10) . Do these data justify the routine use of SOD and/or SDD in critically ill adults at risk for prolonged ICU stays? The rationale underlying decontamination therapies seems plausible. Most ICU-acquired infections, particularly those acquired relatively early in the ICU stay, are 'endogenous' -that is, they are caused by the patient's own oropharyngeal and/or intestinal flora. While important, interventions such as enhanced hand hygiene in health care workers may be expected to have a limited effect on reducing the risk of such infections (11) . The goal of SOD is to prevent infection by suppression or reduction of this colonization by yeasts and aerobic Gram-negative bacteria by application of nonabsorbable topical antimicrobials. The rationale for the addition of systemic antibiotherapy in SDD is to also preemptively treat incubating infections; in a sense, this systemic therapy can be regarded as analogous to 'postexposure antimicrobial prophylaxis' applied to individuals (eg, those who have sustained animal bites) who have experienced exposures highly likely to result in severe infection.
There are also a number of clinical considerations that argue in favour of use of decontamination therapies. Our ability to detect and adequately treat serious infections in critically ill patients in a timely manner is limited, and a preventive approach has intrinsic appeal. Kumar et al (12) conducted a retrospective cohort study of 2731 patients with septic shock who were admitted to 14 ICUs in Canada and the United States, and found that the time to initiation of effective antimicrobial therapy after onset of hypotension was the most important determinant of outcome. They found that for every hour of delay in administration of effective antimicrobial therapy, the odds for death increased by 1.12 (95% CI 1.10 to 1.14). Invasive fungal infections are occult to diagnosis by blood cultures in approximately one-third of cases in critically ill adults and are not uncommonly first identified at autopsy. Even when blood culture-positive cases are studied, failure to initiate adequate empirical therapy is commonplace and associated with an adverse outcome (13) . By either preemptively treating or preventing infections, SOD and SDD may compensate at least in part for our difficulty as clinicians to consistently detect and initiate early appropriate therapy in septic patients. Second, SOD and SDD significantly reduce the incidence of ICU-acquired infections. Even if clinicians are unconvinced by evidence pointing to reduced mortality, they clearly reduce the occurrence and morbidity associated with complicating infections, most importantly, bloodstream infection and pneumonia. In the de Smet et al (4) study, the incidence of ICU-acquired bacteremia or fungemia was significantly reduced with SDD (OR 0.44; 95% CI 0.34 to 0.57) and SOD (OR 0.68; 95% CI 0.53 to 0.86) compared with standard care. These results confirm the results of meta-analyses of previous trials that also show an approximate halving of the risk for pneumonia associated with decontamination therapies (7). The 'attribution of mortality' in the case of ICU-acquired infections may be difficult to demonstrate because individuals at highest risk of acquiring nosocomial infections may also be at highest risk of death from other causes, due to underlying severity of illness. However, there is good reason to hope to prevent infections acquired in the ICU because these infections prolong ICU and hospital stays, result in patient discomfort through increased investigation and procedural interventions, and increase costs of care.
So why are SOD and SDD not used routinely in adult ICUs in Canada and in most jurisdictions worldwide? Guidelines have consistently either neglected or deferred recommendations on the use of decontamination therapies (14) (15) (16) . While there are a number of considerations, the most important surrounds the risk for promotion of antimicrobial resistance. The concept of exposing vast numbers of critically ill patients to broad-spectrum multiple drug cocktails runs counter to existing theoretical models (and dogma) related to the genesis and promotion of antimicrobial resistance in pathogens acquired in the health care setting. Proponents of SOD/SDD might argue that the provision of SOD/SDD would be a 'zero-sum game' with respect to antimicrobial exposure in the ICU -SOD/SDD recipients would certainly receive less antimicrobials for the treatment of downstream infections; furthermore, by reducing gut colonization of patients with Gram-negative rods and yeasts with high pathogenic potential, there are indirect 'herd' effects that prevent transmission of pathogens to other patients via breaks in hand hygiene or other infection control techniques.
Indeed, the available evidence does not support the contention that utilization of SOD and SDD would necessarily result in surging infection rates with antimicrobial-resistant pathogens, although this issue deserves further study because relatively few trials of SOD/SDD have systematically addressed this question. de Jonge et al (5) conducted a prospective open-label clinical trial, in which 934 critically ill adult patients were randomly assigned to admission to either a medical/surgical ICU using routine SDD or a similar ICU in the same hospital that did not use SDD. Enrollment criteria and the SDD regimen were similar to the de Smet et al study (4) . Surveillance cultures from the sputum, throat, rectum, axilla and wounds were obtained at ICU admission and discharge, weekly during the ICU stay and for the first week postdischarge. The in-hospital mortality was significantly lower for SDD compared with control patients (24% versus 31%; P=0.02). Colonization with resistant (to ceftazidime, ciprofloxacin, imipenem, polymyxin E or tobramycin) Gramnegative bacteria was reduced in SDD patients compared with controls (16% versus 26%; P=0.001). Colonization with vancomycin-resistant enterococcus occurred in 1% of patients in each group and none with methicillin-resistant Staphylococcus aureus (MRSA). Similar results were observed by de Smet et al (4) in their cluster randomized trial. Monthly point prevalence surveys for resistant organisms were obtained. The proportion of rectal swabs with resistant Gram-negative organisms was lower for SDD compared with SOD and standard care, and was lower for SOD and SDD compared with standard care for respiratory specimens. Colonization with vancomycin-resistant enterococcus was rare in all groups (less than 1%), and no patients had MRSA. The absence of MRSA detection in either the de Jonge (5) or de Smet et al (4) studies has been flagged as an important concern by those who regard SOD/SDD as an entity that requires additional study before widespread adoption (17) . The experience in these trials, vis-à-vis MRSA, represents a distinctly different experience than in many other jurisdictions in which MRSA is an increasing and major cause of ICUacquired infections.
However, as van Saene et al (11) argued in a narrative review several years ago, ongoing surveillance efforts to monitor the success of SOD/SDD and identify the emergence of antimicrobialresistant threats is an intrinsic component of any SOD/SDD program, and in this sense, a well-designed program contains an intrinsic degree of protection against antibiotic-resistant organism emergence. Furthermore, these SOD/SDD advocates argue that the targeted nature of SOD/SDD regimens is likely to preserve patient flora with low pathogenic potential, which provides additional protection against colonization and/or overgrowth of drug-resistant organisms.
So what should we do? On one hand, decontamination therapy significantly reduces the occurrence and morbidity associated with ICU-acquired infections, and likely reduces mortality among adults admitted to ICU with expected prolonged stays. On the other hand, the prophylactic application of large doses of broad-spectrum antimicrobial agents carries the theoretical potential for increasing the prevalence of infection with antimicrobial-resistant organisms, and perhaps more influential in practice, is at odds with our traditional fundamentals of antimicrobial stewardship. From an objective, strictly evidence-based perspective, one is left to conclude that SOD/SDD should be recommended because there is level 1 clinical trial evidence supporting its use but only expert opinion against it (11) . Stated differently, at this point, there is a high degree of certainty that SOD/SDD will benefit the individual patient, while carrying only the potential and theoretical future risk of harm to other patients, the community and the patient herself/himself; this makes the ethics of withholding SOD/SDD questionable based on the best available evidence. SOD/SDD represents both a challenge and an opportunity for Canadian infectious diseases clinicians, microbiologists and intensivists. Undoubtedly, SOD/SDD will remain controversial for some time, but this concept must be brought to the forefront for vigorous debate. The onus is now on the infectious diseases and medical microbiology community to determine the long-term impact of decontamination therapies on the emergence of antimicrobial resistance.
